Michelson, Morley, and the luminiferous aether 105 For many centuries, there were two competing theories explaining the behavior of light.
106
Emission theory, championed by Newton, held that light was made up of particles that 107 moved in straight lines called rays. The opposing view, developed by Huygens, held that 108 light was a wave. In the eighteenth century, the emission view was dominant. Emission 109 theory is perhaps most consistent with our everyday observations of light; light appears to 110 move in straight lines, as a particle would.
111
In the beginning of the nineteenth century the wave theory of light gained the upper 112 hand among physicists due to the discovery of interference phenomena. When two waves of 113 different phases meet, they cancel and reinforce one another in complicated patterns. Light 114 behaves this way: when light is forced through slits, the light from one slit interferes with 115 light from the other, and vice versa. Interference phenomena cannot be easily explained by 116 an emission theory.
117
Expectations for light waves were built on other waves that people understood: waves 118 in water or air. If light was a wave, it must be a wave in some medium. Whatever this 119 medium is, it carries starlight above the earth and torchlight below it. It must be able to 120 pass through solid matter as light moves through glass, and it must exist in a vaccum.
121
Wave-theorists gave this mysterious medium a name: the luminiferous aether.
122
Physicists thought that a sea of luminiferous aether existed thoughout space, providing 123 a fixed reference against which everything moves. As the earth revolves around the Sun, it is 124 passing through the aether. Facts known at the time ruled out the idea that the aether was 125 dragged along with the Earth; hence, the Earth must be moving through the aether at some and with it, the interferometer -moving through the aether, this rotation changes how the 143 two arms are moving with the aether "wind". At some point in the rotation, one arm will be 144 facing into the wind, and the other arm perpendicular to it; at another point, the opposite.
145
The light moves with the aether, but the interferometer itself moves with the Earth. If 146 one arm is moving parallel to the aether wind and the other perpendicular to it, the light 147 beams in the two arms move different distances. Any difference between the arms will cause 148 the interference fringes to shift to one side by an amount that depends on the speed of the 149 Earth's motion through the aether. Based on the 30 km/s speed of the Earth in its orbit,
150
Michelson and Morley expected the fringes to shift by a maximum of 0.4 fringe widths. This 151 maximum shift would occur when one arm is facing into the aether wind and the other 152 perpendicular to it. The minimum shift was 0, when both arms face into the aether wind at Indeed, this result would continue to be refined for decades using more precise 175 interferometers, and at different times of the year. 
241
Mendel theorised there was a 50% chance of a parent passing each of its two alleles to 242 its offspring. This leads to easily predictable genotypic ratios for the seed shape of offspring 243 from two heterozygous parents (shown in Figure 4 ).
244
The key to Mendel's experiments were the ratio of phenotypes from crossings of 245 different plants. Mendel could infer that a plant was heterozygous if, as a seed, it was round, 246 yet some of its seeds were wrinkled. Wrinkled-seed offspring are a giveaway that the parent 247 plant must be passing on a recessive allele, and hence it must be heterozygous. As Figure 4 248 shows, if one crosses a heterozygous plant with itself, Mendel's theory predicts that 75% of 249 the seeds should be round. what was expected, a mere z 2 = .12 standard errors from the theoretical value.
266
We might think of the theoretical value like the bull's eye of a target, as shown in we work out the distance from the center to the point (.51, .12), the number of standard 271 errors our two experiments are away from the theoretical. The two experiments we considered are series 1 in Figure 6 . The results are not exactly the same as shown in Figure 5B due to the fact that Edwards (1986) has removed data that were used in another series in order to make the data in each experiment independent from the others. provided that the theory is defined clearly enough to decide what a "replication" would be.
324
Providing this clarity is one of the roles of a scientific paradigm. 
370
Interestingly, this was expected; the first run was before the detectors were at full sensitivity.
371
The introduction to the paper is worth quoting directly:
372
"The first detection of gravitational wave bursts requires stable, well understood 373 detectors, well-tested and robust data processing procedures, and clearly defined 374 criteria for establishing confidence that no signal is of terrestrial origin. None of 375 these elements were firmly in place as we began this first LIGO science run; 376 rather, this run provided the opportunity for us to understand our detectors 377 better, exercise and hone our data processing procedures, and build confidence in Morley's situation in the late 19th century and the LIGO team's situation in the early 21st?
404
We believe there are several.
405
The prospect of more sensitive experiments. The LIGO team was constantly 406 improving their instruments, and knew that more sensitive tests were just around the corner. of the alleles correspond to the wrinkled phenotype, only 25% of the resulting plants will be wrinkled due to the wrinkled allele's recessiveness. sites in the United States, and the Virgo interferometer in Italy.
